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REMARKS 

Claims 16 and 23 have been amended and new claim 24 has been added. No new matter 
lias been added by virtue of the amendment. Support therefor can be found throughout the 
specification and in the original claims; see, in particular, the present application at page 26, line 
31 to page 27, line 1 1, and figures 5-6; and page 20, lines 19-25, 

Applicant offers the within preliminary amendment and Request for Continued 
Examination (RCE) as a further substantive response to the Final Office Action, dated July 3, 
2002, and two subsequently issued Advisory Actions (mail dates: November 4, 2002 and April 7, 
2003). 

As an initial maLler, the undersigned attorney wishes to thank Examiner Padmanabhan for 
his helpful comments during an informal telephonic interview on June 19, 2003, The discussion 
was undertaken in an effort to advance prosecution and expedite allowance of the application- 
Certain aspects of the discussion included a proposal to further amend claim 16 to quantify the 
term "any appreciable degree" as used in an earlier proposed amendment to claim 16, and 
elaborating on the distinctions between the cited references and the present invention. 

As the Advisory Action is understood, claims 16-23 remain rejected under 35 U.S.C. 
§1 03 over Lill et al., alone, or in view of Poethke et ah 

'Ilie rejection is traversed. 

Applicants disclose and claim a method for screening a compound that inhibits or 
enhances activity of an acetyltransferasc to catalyze a reaction that transfers an acetyl group from 
one substrate to another. Applicants method, as amended herein, comprises: 

(a) contacting the acctyltransferase with a peptide substrate in a presence of a test 
compound, 
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(b) detecting an amount of an acctylated peptide substrate using an anti-acetylated 
peptide antibody, wherein the anti-acctylated peptide antibody recognizes only an acetylated form 
of the peptide substrate and docs not recognize the peptide substrate in its unacetylated form,, 
provided that the antibody concentration is 0.01 ng/ml or greater, 

(c) comparing the amount of the acetylated peptide substrate detected in step (b) with 
a control amount defined as an amount of an acetylated peptide substrate detected in an absence 
of the test compound, and 

(d) selecting the compound associated with an increase or decrease in the amount of 
the acetylated peptide substrate as compared to the control amount 

The cited references, whether considered alone or in combination, do not teach or suggest 
the methods of the present invention. 

For instance, the antibodies of the present invention specifically recognize an acetylated 
peptide and do not recognize the unacetylated form, provided that the antibody concentration is 
0.01 ng/ml or greater. The within amendment to claim 16 is amply supported by the data shown 
in figures 5 and 6 of the present application. 

Jn contrast, the antibodies reported by Lill et aL, pAb421 and pAbl801, bind to acetylated 
p53 of ap53-p300/CBP complex, and also bind to unmodified p53> Indeed, these antibodies are 
commercially available and were raised against the C-terminal peptide and N-tcrminal peptide of 
p53 5 respectively (see Appendix A> attached hereto). Clearly, these antibodies bind to 
unmodified p53. 

In support of the aforc-mentioned arguments, and to further illustrate the distinctions 
between the cited art and the present invention, Applicants submit herewith a copy of the 
following literature reference; Zaika et al.,^ Biol Chem. 274(39): 27474-27480, 1999 (see 
Appendix B, attached hereto). 
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In particular, attention is directed to that reference at page 27475, left column, last four 

lines: 

Antibodies to p53 were monoclonals PAb 421, 1801, and DO-1 (Oncogene Science), 
which recognize epitopes amino acids 372-382 (421), 46-55 (1801), and 20-25 (DO-1). 

Additional reference is made to page 27478, in the legend of Fig. 4; 

Shown is the immunofluorescence of parental and transfectant cells with PAB 1801 (left 
column) and 421 (right column). Both antibodies are specific for endogenous p53. PAb 
421 is a modification sensitive antibody that recognizes its epitope (amino acids 372-382) 
in the unmodified states. Whereas PAb 1801 recognizes p53 in the cytoplasmic 
(parental) and nuclear (transfectant) compartment of LAN-5 cells, PAb 21 gives no signal 
or only a minimal signal. MDA 231 control cells are well recognized by 421. X 400. 

Still further reference is made to page 27479, left column, at lines 23-24: 
Both PAb 1 801 and PAb 421 antibodies are specific for endogenous p53. 

The latest Advisory Action (paper no. 19) commented on the content of Appendices A 
and B, as these documents were submitted with Applicants' response filed on March 3, 2003 
(paper no. 18). As those comments are understood, objection was taken in that Applicants only 
addressed two of the antibodies of the Lill reference, pAb421 and pAB1801, when the reference 
allegedly teaches other antibodies for use with the claimed method. 

Applicants offer the following elaboration and clarification. It is respectfully submitted 
that comparison of the instant antibody with antibodies other than pAb421 and pAB 1 801 is not 
proper or otherwise necessary, In particular, pAb421 and pAB1801 are anti-p53 antibodies and 
are the "closest" to the instant antibody, 'fhe other antibodies disclosed arc specific to other 
proteins, For instance, anti-p300/CBP antibodies, TAPp300L, AC238, RW128, AC240, and 
anti-p300/p400 antibody RW144 all bind to p300. Moreover, even if p53 of a p53-p300/CBP 
complex is acetylated, as alleged in the Advisory Action dated November 4, 2002 (paper no. 16), 
these unti-p300/CBP antibodies detect not only a p53-p300/CBP complex but also free p300 and 
a complex of p300 with other protein(s). Still further, these antibodies cannot detect free 
acetylated p53. 
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Other antibodies taught in Lill ct al. are pAb419 (anti-SV40-T antigen), F5D (anti- 
myogcnin), 12CA5 (anti-haemagglutinin epitope), and anti-CD20 antibody. These antibodies are 
all used as controls and are not relevant to the antibodies of the present invention, Lill et al. do 
not disclose antibodies that directly detect acetylated p53 alone. 

In view of the aforementioned arguments, the claimed invention clearly is not rendered 
obvious by Lill ct al.; for example, by use of antibodies which recognize both acetylated p53 and 
unmodified p53. Lill et al. do not teach or suggest antibodies that specifically recognize 
aeeiylatcd p53 and do not recognize the unmodified p53. 

The Pocthke document does not cure the deficiencies of the Lill document. Poethke 
merely reports the detection of choline acetyl transferase using an FXISA system. Pocthke et al. 
do not teach or suggest detecting an acetylated substrate using an anti-acetylated peptide antibody 
or the use of such a measurement to quantify the effect of a test compound on the enzyme's 
activity. Thus, even if the Lill ct aL reference were combined with that of Poetlike et al M the 
present invention would not have been obvious to the skilled artisan. 

It is respectfully submitted that the rejection be withdrawn in view of the above 
arguments and the within amendments. 

For instance, it is well-known that to establish a prima facie case of obviousness, three 
basic criteria must be met: (1) there must be some suggestion or motivation, either in the 
references themselves or in the knowledge generally available to one of ordinary skill in the 
art, to modify the reference or to combine reference teachings; (2) there must be a reasonable 
expectation of success; and (3) the prior art reference(s) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not based on applicant's 
disclosure. In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). See MPEP § 2143. 
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There is no suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the cited references 
to arrive at the claimed invention, nor is there any reasonable expectation of success, 

Indeed, Applicants' claimed methods include detecting an acetylated peptide substrate 
using an anLi-acelylated peptide substrate antibody that recognizes an acetylated form of the 
peptide substrate and docs not recognize the peptide substrate in its unacetylated form, provided 
that the antibody concentration is 0.01 |ig/ml or greater. 

Lastly, claim 23 has been amended to correct an errant dependency, thus obviating an 
earlier objection. Claim 23 has been further amended and new claim 24 has been added, to 
clarify and better define the kits of the invention. Support for these amendments is found at 
page 20, lines 19-25 of the present application. 

In view thereof, reconsideration and withdrawal of the rejections are requested. 

It is believed the application is in condition for immediate allowance, which action is 
earnestly solicited. 

Respectfully submitted, 

Christine C. O'Day (Reg. 38,256) 

Peter F. Corless (Reg. 33,860) 

EDWARDS & ANGliLL, LLP 

Dike, Bronstein, Roberts & Cushman IP Group 

P.O. Box 9169 

Tel. (61 7) 439-4444 Boston, MA 02209 
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ANTIBODIES 

(anti-Human and others as indicated) 

Research Diagnostics Inc offers a wide fine of antibodies. Since no one antibody works best for all applications 
(neutralization, blotting histochemistry, ELISA, etc), we offer many different types of antibodies to help solve this 
problem. Please inquire for other applications or types of antibodies not listed below. 



MONOCLONAL ANTIBODIES TO p53 Oncoprotein: 



-FOR RESEARCH USE ONLY : 



available unlabeled or labelled an indicated -FT-RTC labeled ^BT-biotin labeled 

custom conjugates may be available please inquire clone w=reactive on formalin fixed paraafin sections 

s e e ^njd iy i d |^ ^onc_ sjd e csji e I o chart 



ca t# j [dejsc ri pt i on 



RDI-CBL773 J [mouse anti-P53 human ^ aZ 5O-270)_J 



RDI-CBL774 



RDI-CBL423 



mouse anthp53 human C term 



RDI-CBL423BT; 



RDI-CBL423FT 



mouse anb'-p53 human (56-65) 



clone 



DO-12 



isotype j J size { 
mj^2bj[^200u5/2mJi| $30000] 



DO-14 ** 



Pabl22 



mlgGI i 200ug/2ml 



mIgG2b! 



mouse antj-p53 human C ternrBiotin 
(aa370-378) 



mouse anti-p53 human C torm:nTC | 
(aa370-378) 



RDI-CBL429 



RDhCBL429BT 



RDI-CBL420FT 



RDI-CBL422 



RDI-CBL422BT 



ROI-CBL422FT! 



RDI-GBU20 



mouse anti-p53 human C term 



Pab122 



Pabl22 



Pab421 



mouse antbp53 human C termiBrotin 
(aa37l-380) 



mouse antj-p53 human C torm:FlTC } 
(aa37 1-380) 



mouse anli-p53 human N term 
(aa20-25) 



Pab421 



mleG2b 



mTgG2b 



mlgG2aj 



200ug/2ml j 



lOOtests 



100 tests 



200ug/2ml 



$300^00] 



$300.00 



$300.00 



$300.00 



mlgG2a 



PaM2l 



mIgG2nj 



BP53-J2 ** 



m?gG2aj 



100 tests 



100 tests 



$300.00 



$300,00 



$300,00 



200ug/2ml 



$300.00 



mouse antrp53 human N ternrBTotin 
(aa20-25) 



mouse antJ-p53 human N teimFITC 
(aa20-25) 



m use arrti-p53 human N term 
(aa32-79) 



mouse antr*p53 human N temvFlTC i 
RDl-CBM20FTi| ! 
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BP53-12 



BP53-12 



Pab1801 ** 



Pab1801 



mJgG2a! 



mIfiG2a 



mlgGI 



mJgGI 



100 tests 



100 tests 



200ug/2mf 



100 tests ! 



$300.00 



$300.00 



$300.00 



$300.00 
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Cytoplasmically "Sequestered" Wild Type p53 Protein Is Resistant to 
Mdm2-mcdiated Degradation* 

(Received for publication, April 21, 1999, and in revised form, July 14, 1999) 
Alexander Zaika, Natalia March enko, and Ute M„ Moll* 

From tht Department of PrUhclogy, State University of New York, Stony Brook, New York ll?94 



The Mdm2 oncoprotein mediates p53 degradation at 
cytoplasmic protcasomcs and is the principal regulator 
Tor maintaining low, often undetectable levels of p53 in 
unstressed cells* However, a subset of human turn or a 
including neuroblastoma ccmstitutyytly harbor high lev- 
el* or wild type p53 protein localized to the cytoplasm. 
Here wc show t)i;it the abnormal p53 accumulation in 
Such cells ifl due to a profound resistance to Mdm2- 
mccliated degradation, OvcroxprcfiSrfnn of M dm 2 in neu- 
roblastoma (NH) ( cell lines failed to decrease the high 
steady state levels of endogenous p53_ Moreover, exoge- 
nous pS3, when introduced into these cells, was also 
resistant to Mdm2-directed degradation. This resistance 
is not due to a lack of Mdm2 expression in NB cells or a 
Jack of p£3Mdm2 interaction, nor is it due to a defi- 
ciency in tbe ubiquitination state of p53 or proteasomc 
dysfunction. Instead, Mdm^resistnnt p£3 from NB cells 
is associated with C oval cut rnodific'itjon of p53 and 
nnukin^ of the modification-sensitive PAb 421 epitope. 
This system provide* evidence for an important level of 
regulation of Mdzn2-dirccted p53 destruction in dido 
that is linked to p53 modification, 



Controlling the stability of the p53 tumor suppressor protein 
is crucial for an effective cellular stress response when needed 
and for keeping this dangerous molecule in check when not 
needed. p53 levels a<c largely regulated by interact on with 
Md/n2, a negative regulator of p53 and the product of a p53- 
indurible gene (1, 2). PosttraoslaLional modification has been 
associated with stabilizing p53 protein during cellular stress 
responses, DNA damage induces specific phosphorylations on 
N- terminal serine residues of p53 in uivo f possibly catalyzed by 
various stress kinases, thereby preventing Mdm2 binding, 
which in turn alleviates transcriptional inhibition and stabi- 
lizes p63 by inhibiting its degradation (3, 4), As a consequence, 
p53 half-life prolongs from minutes to hours (5), Conversely, 
tight regulation of p53 is critical for normal growth of un- 
stressed cells, in which p53 is a short lived protein (half-life, 
20-50 ioin) that is maintained atlow r often undetectable levels 
through continuous degradation mainly directed by Mdm2, 
Hence, Mdtnii is largely responsible for the high p53 turnover 
in undamaged Wills (6). Mdm2*mcdiatcd pS3 degradation oc- 
curs through a ubiqui tin-dependent pathway on cytoplasmic 



* This work waa supported by National Inatitutr* of Health Grant 
HOI CAG05G*. Tha ecu La of publication of this article wrrc defrayed in 
part by tha payment of png* charge*. Tht* arUcJc mutt tberefars be 
hereby marked "adutrtL-xmenf in accoMlante w\lh 18 UAC. Section 
1734 solely to indicate IhU fact 

t To whom corruxpondvnee should be addressed: Dcpt of Pathology, 
BUtc University of New York at Stony Brook, Health Soenea Center, 
Stony Brook, NYU7H Tel.: 516 444-2459; Pax: 5I&-f44'3424;E-n»ait 
UTnol}@ > poih.S07n,suay3b.eQlu T 

* The abbreviation* used are: NB, nturtibbiiUjmn, GFP, green fluo- 
rescent protein; CBP, cAMP response fclcmenHnndiDg protein. 



Received from < 617 439 4170 > at 8/10/03 4:35:15 PM [Eastern Daylight Time] 



27474 



263 proteasonies (7, 8). Mdm2 functions as a p 53 -sped fie E3 
ubiquitin Jigase in vitro (9) and this ubiquitination probably 
takes place in the nucleus on the large p30Q/CBP protein, 
serving a* a scaffolding (10), 

Recent studies of p53 turnover using overexpression assays 
with p53 and Mdm2 mutants elucidated some structural re- 
quirement*; for Mdm2-dependent destruction of p53. Together, 
these studies reveal the importance of several regions on both 
proteins, particularly on the N and C termini, the precise 
contributions Q f which, however, are not all understood. A basic 
but insufficient requirement is a direct interaction between the 
two proteins through their N termini. An Mdm2-bwding site 
mutant of p53 (conserved box I) is resistant to degradation by 
Mdm2 (l f 2). Crystallography analysis of the interacting do- 
mains has shown a tight key-lock configuration (11), with p53 
domain amino acids 17-27 fitting deeply into a hydrophobic 
deft of Mdna. Also, Mdm2 shuttles between the nucleus and 
the cytoplasm, and Mdm2-directcd degradation of pf. 3 depend* 
on a functional nuclear export si/pal of Mdm2 (12-14) T lastly, 
the C- terminal KING finger domain of Mdjn2 is somehow re- 
quired, bccAiue deletion or mutations in this region act as 
dominant negative mutants and protect p53 from degradation 
by endogenous Mdra2 (IS). In addition,- Oie pUARF protein, 
which binds to the C-tCnninal region of Mdm2 r can inhibit 
Mdm2-mcdiated p53 degradation without disrupting the p53- 
MdmS complex (16-lflX posrfbly due to inhibiting the E3 tibiq- 
uitin Kgase activity of MdmZ [101 To date, known require- 
ments on p53 include p53 tctramerization, which, although not 
abfiohitely required, enhances degradabflity, pojwribly via im- 
proved Mdrn2 binding. A monomeric p53 mutant lost sensitiv- 
ity to degradation by Mdm2 (20). Also, the extreme C terminus 
of p53 (Amino adds ^G3-393) is required, because p53 mutants 
with deletions of this region show constitutive Mdm2 roGist- 
ance in unstressed cells due to an unknown mechanism (20), 
Certain human tumors, including neuroblastoma (21), 
breast cancer (22-24), colon cancer (25-27), and retinoblas- 
toma (2B) r as well as normal mouse crnbryomc stem cells (29), 
coustitutfvely accumulate high levels of wild type p53 protein 
in their cytoplasm in the absence of stress. This is due to a 
dramatic increasa in p$3 half-life (>8 h in unstressed neuro- 
blastoma cells) (30), thereby stabilizing the protein. Thus, this 
ph'enotype is due to inefBdent degradation of p53 rather than 
to increased synthesis. The cytoplasmic p53 accumulation is 
also the hallmark of a concomitant defect in p53 function in 
response to genotoaic stress (31, 32, 29) and, in fact, prompted 
iU original observation (21, 22). We recently showed that this 
seemingly static sequestration of p53 is in fact not due to a 
blocked nuclear entry but due to a dynamic imbalance charac- 
terized by hyperactive p53 export from the nucleus (33). Func- 
tional inactivation of p 53 in response to stress is therefore to a 
large degree due to an incfEciency in nuclear retention of p53 
(31, 32, 29), Using human neuroblastoma cell lines, we show 
here that the aberrant constitutive p53 accumulation in these 

TMi paper b JviDiHe an tim al http^/www^bc^rf 
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cells is due to resistance to Mdm2-med]atcd degradation* Tins 
resistance is observed despite noritial level 6 of Mdm2 protein, 
p53-Mdm2 complexes, and p53 uhi qui tin a tion, Instead, stabi- 
le tion correlates with covalcnfc modification of p53, tbaraL-Ufr- 
ized by an acidic shift in the chaise isofonn profile of pTi3 and 
masking of its modification-sensitive 421 epitope. This system 
provides evidence for a novd level of in vivo regulation of p53 
destruction by Mdm2 linked to posttranslational p53 
modification. 

EXPERIMENTAL I'HOCEDXJRES 
Cell Culture and Kr. age nt. T~-Thr following cell lines were of human 
origin: tin* nnirobfostoma linos LAN-5, SK N^SH, IMR 32, CHP J34 t 
and SK-N AS exhibit constitutive cytoplasmic accumulation ofwiM 
typo p53 protein. The osteosarcoma Uae in hnnmjcygoiisly de- 

leted for p53; the antrurpilheu'oroa line CHP 200 la deficient for p53 
repression duo to aberrant mKNA; the chronic tnydncenoua leukemia 
lioe ML-1, the fiarasarcomii Jmc IIT 1080, and the diploid iaimurUl 
fZbmlilajft line IMR 90 all contain low levels of functional wild type pS3; 
and the colon carcinoma lino RKO contains mildly el crated levels of 
functional wild tyrx p53. Tho breast cancer Itntm MDA *md MDA 
468 harbor a R2BDK a tic I R273K mutation,' respectively. Mouse DM cells 
liurUir Fit\ amplification of iho Mdra2 gena (34 J, All cells WCrc cultured 
in Dulbccco'a modified Eagle's mcdium/10* fclal calf serum, For p53 
ulwarilinulion, proteasome inhibitor MGlOl (GO mu) (Sigma) was 
Bddcd to the cultu.ro medium for 5 h before ly sates were prep a r^4. 
Baeulovirfll human wild type p53 protein was purified oa a Mrtn^ 
column and appeared as a single band on silver gcLt,. Various normal 
human tissues war? collected at University Hospital Stony Brook dur- 
ing frirgicnl rcaccu'ons and immediately snap frozen a/W harvesting. 
UadlfTurCptiated neuroblastoma Lumnr* wrrc previously described and 
collected in the 3t;imc way (21). 

/Voim wis— Human Mdm2 c* predion plasmida, all pCMV BajttNco' 
basod <35), wore IxindJy provided by Arnold J. Levin c. HDM2 en cod 
wild type Mdm2 (36), OflflA encodes a contact muLW uf Milm2 that 
altolLOw* f tH interaction with p53 {B\ and mutant nuclear carport eifcnaJ 
encodes an export mutant of M4m2, loading to its nu clear retention du« 
to the chancer of two critical n^drojjlinliic j-ckuWh within the nuclear 
export signal (L205A ami 1 20 8 A) (12). N- terminally FLAG- tagged hu- 
man wild type p53 (Fwtp53) was pen cm ted by polymerase chain reac- 
tion liftinir PC53-KN3 (35) art template. The sens* primer cunbuncd a 
RntnlU w tc upstream of tho Krqucnco encoding the FLAG octa peptide 
(5'*AG CAG TTG GGA TCC ATG GAC TAC AAG GAC GAC CAT OAC 
AAG ATG GAG GAG CCti GAG TGA CAT CCT AGO G-3*), and the 
Antiscnac primer abtu contained a Ztamlll site <5'-TTA TTC GGA TCC 
AGA ATG TCA GTC TGA GTC AGG CCC-30, The polymeric chain 
n-wrtion product was doncd into pCMV BfiinNco, llic ptwtp^3 pWmid 
wag Qlco uacd to construct t>«c p53 C-tennlndl pla^iniik and 
K320— 3G0 by polymera^ti chain rractfnn overlap extension tethpi^uc oo 
drscribed <33X TliC plownid pc£>NA3> Myc ARF ciprcaoing huxrt^ wild 
typo p]4AHF fused to a Myc tug Wu9 de,irrilwwl previously (37). Gr«a> 
nuorcoccnt prolcia (OFF) erpression pla&iaid (CLONTECH) was co- 
Lrun*rcrtcd in tranaiunt tmnsfectiona to BOnaalitC relative traaafcctlan 
oiZidcncy. 

JVajxifcctioa* — OIU were plated In 60* mm dishta and grown ovor- 
nigLt to fl0% confluence. Two *ng of Mdm2 wild typo or mutant encod- 
ing placroid wad co-tran&fcct^d with 0.4 mg of OFP-enduding pluKmid 
and 0.6 nig of wild type p53-«^cuding pbu;mid or CMV BamNco empty 
vtxtar nidng the UpofL-ctAMKNE J*Ius reagent (life Technologies, Inc.) 
as rccotomendcd by the manufacturer. For transient traunrrcticms, cells 
Were collected alter 2i h, whto-eii* ^Lnhlo tmnsforroants were selected 
by growth for 21 dayx in medium contojAing 0.5 mg/znl G418 (Ijfc 
TL-tlniuIu^tca, Inc.), ring clontd, and expanded i&U) single celt dooea. 
For Myc-pMAJtiP Otpresnimi, 2 W)g of plaandd Waft ucod. 

Antibodies, Western Analysis, arid Imm v noprecipifa tion — Cell ly. 

cotes from un*trcdn?<l cells were pieparud a* du*crihud (31), subjected 

to B% SnS^polyacrylamide gd doctropboresis, and transferred to nylon 

memhranr*. Lnraunohlots were visualized by ECL (Pierce). CcU ly&atcs 

(1 mg of total protein) were immMnrprecipitated with 1.5 /ig of the 

indicated antibody, jnaibated with 30 jj of protein C-agaraec bends 

(Life Technologies, Inc.), washed five times in ra&oimmune pm-ipiU- 

tion buffer (50 rt\H Tris, 0.15 u Nad, 1% Triton X-100, 0.1% SDS f t* 

sodium dcoxychuUt^ pH 7.4) and vjauah'zcd 00 described (31X Antibod- 

jej to p53 were monoelonnb PAb 421. 1801, and DO- 1 (Onco gene 

Science), which rteognixr e pi topes amino acids 372-382 (421X 46^^ 
nann i r>c / iTTn w » i < * i t * 
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against bacterial recombinant human w3<1 type p53 (Vector). FLAG- 
tacged pS3 constructs wcie d K t^rtrd with M2 (Eajttnian Kod«lc Co.). 
Mcbn2 was detcxled with monoclonal IF2 (Oncogene So'encc). Other 
andbodiofl uced Were specific for vimentin (BioGentrx), GFP (Cl/)N- 
TECli), Myc (NtoM^rKcr). DcBa (Santa Crux) t ?ctin (Sigina), mouse 3gG 
(Sigmn), nnd La rain A (Cbi;injcooX 

Immune isoelectric Foeusinf— Crude cell lyaatpjt (2-20 mg), prepared 
by Boni cation without ionic detergents and low salt (37), wuro mixed 
with equal vulnmp of 2X sample buffer (4 .ft g urea, 120 ml each of 
ampholytes pH 4-6 and 5-7 (Bio-Lytc, Bio-Rud), 1 ml of 20* Triton 
X-l 00, 100 ml of 2 mcrcaptaelhTinol, 1 mg of brom phenol bluo in 10 ml 
of H a O) 5 min before loading. Loaded lysatej and pH marken (Bio-Had) 
were overlaid with 1% mixed ampholyte* and 5% sucrose to protect 
proteins from the bann pH conditions of the upper chamber. Proteins 
wtirn resolved along a pradicnt of pH 7-4 on onfrdimensional *Uh mini 
gels using polyacrylamidc containing 8 M urra and 120 ml each of 
ampholyte pll 4-6 and pH 5-7 as describe^ (36). The upper chamber 
bufli^ (500 ml of cathotyte, 20 mU sodium hydroxide) and luwer cham. 
her buffer (500 ml of anulyt*, 10 mM phoap^uric acid) were prepared 
frcah and drj^wed, and gels were nm at 150 V for SO roin followed by 
200 V for 3 K Gfltf wcro transferred to nylon memhnmi^ nnd p53 was 
detected by warn u n obi otting with DO-L In paraUel, c^ual aliqutiU wrro 
run on 8% SDS-polyarrylamide gel eJoctrOphorDsis gels followed by 
DO-l immunoblotting to verify p53 7c^dinE> 

Immun<jfluarr$ctnce — Subconll\iwit cells in Pi 00 dished were refed 
4 h prior to calcium phoaphate-mediatcd transfeetipn with 20 mg each 
of p53 C-tercoino] peptade or empty vector DNA eortotructt. AtWr over- 
night incuhaU'on, cells were aliquot*] into polylysino coated chamber 
culture Elides (Becton Dickinson) and Crown for on Addih'cmnl 24 h_ 
Chills were immunoctoincd as detenhed (03) and examined with n 
Nikoa scanning huuu- microscope. Expression of constructs was verified 
by FT .AG nntibodira and woa reprodudbla with tmnsfection efCdency 
over 50% (data not shown). 

No Deficiency of Endogenous Mdm2 Protein in Neuroblast 
toma Celh^To exclude the possibility diat the constitutively 
high levels of wild type p53 protein in neuroblastoma (NB) cells 
are due to a lack of exprvss'wn of its dcstabilizer Mdm2, we 
compared a panel of NB cells (SK-N-SH, LAN-5, IMR 32, CHP 
134 and SK-N-A&) with a broad range of olbcr human call lines 
(Fig. LA and data not shown)- These made up four different 
types of p53 steady state levels, including p53-defident cells 
(SaOs-2 and CHP 100), low levels of functional p53 (HT 1080, 
IMK 90, and ML-1), mildly elevated levcla of fanetional p53 
(KKO), and markedly increased levels of mutant due to a ' 
failure to induce* Mdm2 (MDA 231 and 4C8). Fig. 1A shows tfiat 
steady fitnte levels of Mdm2 protein in NB cells are comparablo 
to Mdm2 levels in all other cell lines analyzed, with some 
variations in expression in both categories. The only exception 
was an undetectably low Mdm2 level in ML-1 cells (not fdiown) 
for reasons that arc not dear. 

Mdm2 Interacts with p$3 in NM Cdl$—A second possibility 
that could explain tho abnormal stability of p63 would be a lack 
of interaction between p53 and Mdm2. To test this, wc per> 
farmed co- immunopretipiUi lion assays from LAN-5 cells with 
on Mdro2-specifie antibody. Fig. IB shows the presence of 
p53-Mdm2 complexes indicating their interaction in vivo {lanes 
SqOs-5 and RKO). Moreover, the amount of completed p53 in 
LAN-5 cells is similar to the amount in JMR 00 control cells 
(compare lanes RKO and IIT10BO). )Mft 90 Gbrobl^U contain 
low levels of funrtdonal pS3, indicating sensitivity to Mdm2- 
directcd degradation. These data. demonstrate that the abnor- 
mal p63 stability in NB cells is not due to a lack of p53-Mdm2 
interaction. To further demonstrate that Mdm2 function is 
normat in NB cells, ^we tested its ability to enter the physiolog- 
ically important interaction with pMARF. Fig. 1C shows 
readily demonstrable in vivo complexes between Mdm2 and 
pl4ARP, cn-inimunoprecipitated from a stably expressing 
Mdm2 NB cell line (clone HDM2-2 of Fig, 2D) and transiently 
tnmsfected with Mye-tagged pl4ARF. 
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Fid. 1. Abnormal pS3 stability in neurobl aetoma cells if tint 
line to a deficiency ofMibn^ laelc ofp53-Mdm2 interaction* c* 
lack of p53 ublquitiuAUoxi. A Mdm2 protein levels in NB cells Are 
within normal ranee, NB cell lines wen: compared with a h**ad anay of 
other cell lines. Tbes« fbU iato 4 categoric* of p53 steady frt^te levels 
including pW deCdcant cclla (SaOo-2), low levels of fimctiaaAl p53 (HT 
1080 and IMR DO), mildly elevated levels of foncLioxuil p53 (RKO), and 
markedly iticreased levels of mutant J>53 due La a failure to induce 
Mfhn2 GVfDA 231 and 468). I^yiuLn (100 mg) w «n *ubj*cU*d to Immu- 
nobTot analgia with anti-Mdm2 (lF2). DM cdis are mouse 3T3 fibro- 
blasts "wiH^ ftmplifio»Uoji of the Mdm2 gene and are shown far enmpar*- 
ison. B, MdmS interacts with p£3. Ly&ates {1 *ng) of LAN -5 And IMR 90 
cells were subjected to immnnnpredpitatioa with ftnti-Mdni2 dF2) or 
mouse IgG (1.5 mg en eh) and cc- precipitated p53 waa detected with 
CM-L Loading of the blot wad normalized for equal intensities of p&3 
bonds between the twv cell lines. Q, Mdm2 in NB cells retains its ability 
to enter into torrtplcrxes with a major physiologic partner, pltARF- 
C!o*e (see Fie;. ZD) was transiently cransfected with a Myc- 

pWABF expression plosnud. Lysates (1 mg) were mununopreefpitated 
UF) With 2 i*g of nub' -My c or mouse IgO and immunohlotted with 
ant£rMdm2, /a/is TV represents an nunmnoblot only. D t p53 is properly 

ublauitinatrri. T.Vraiti-sr f 50 nrim ..cO fmm T.AN-5 nnd rills grown 
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pS3 from NB Cells Is PropcHy Ubiquitinated—'Next -we ex- 
amined whether p53 ubiquitination in NB cells is deficient, 
because poor ubiquitination of p5$ Could lead to its stabiliza- 
tion. Also, Mdm2 is a p53-spccific E3 ubiquitm Hgase in vitro. 
T.AN-5 cells and ML-l control cells, which contain )ow levels of 
p&3 indicating Mdm2 sensitivity, were treated with the protea- 
some inhibitor MG101 for 5 h. p53 stabilized in both cases to a 
similar degree (Fig. 1C, top panel, lowest band) r More impor- 
tantly, the ladder of polyubiquitinnted p53 spedes were similar 
in XJVN-5 and ML-1 eelU fFie. \D\ This indicates that the in 
vioo ubiquj filiation of p53, whether catalyzed by Mdm2 or some 
other E3 lipase, is functional in NB cells. Furthermore, these 
data also show that NS cells do Dot have a global function a) 
defect of their prutcasomes in processing ubio 4 oilin*-taggod pro- 
teins, because jf this were the case, ubiquitfnated pf>3 should 
have been easily detected even in untreatc4 c^lls. To further 
conflnn this point, we asked whether the proteasing of other 
protca£Oinc-tfefT4clcd proteins is normal in NT) cells. IkB*, the 
cytoplasmic inhibitor of NFkB, is a prototype protein undergo- 
ing ubiquitm-mediated proteasomo degradation (39). Fi£. \E 
shows th«t IkBa levels in NB cells arc completely within the 
range of non~NU cells, indicating normal ubiquiHWproteamne 
processing in NB cells. Likewise, the sa wc reasoning holds for 
Mdm2 r the levels of which in NB cells are within normal range, 
as shown above (Fig. IA), because Mdm2 itself is degraded via 
Use ubiijuitin protcasomc pathway (40). 

h Resistant to Ectopic Mdrn2 in NB CeUa— AJthouKh 
endogenous Mdm2 in NB cells is sufficiently expressed and 
enters into cnirnple«es with p53, it still left the possibility that 
Mdm2 had a spnc15c defect in directing p£3 destruction. We 
therefore aslted whether the abnormal p53 ntabUity could be 
Overcome by overcxprcssion of functional ectopic Mdm2 pro- 
tein. SaOs-2 control cells (p53 null), transiently transfected 
with human wild typo p53 (Fig, 2A, lam %\ showed a dramatic 
decreft&e in the endogenous p53 protein level when to- trans- 
fected with wild type Mdm2 (/ane 3) but nnt with a p53»cootatt 
mutant Of Mdm2 (C58A) (laJie 4) as described previously (1, 2, 
12), In contrast, endogenous p53 protein from LAN*5 (Fig. 2D) 
and SK-N-SH (Fig. 2C) was completely resistant to degradation 
by forced expression of wild type Mdm2 (Fig. 2, B and C, 
compnre fanis J and 2 with lane 3), as well an to a no clear 
export mutant of Mdm2 (Fig. 2, J3 and C, Umt 4) and to a 
contact mutant of Mdm2 (F^, 2, i? ^nd C> lane 5), To confirm 
this result, we generated a serif* of stable LAN-5 subclones 
that ovarcxpress either vector alone, wild type Mdm2 r or con- 
tact mutant Mdm2, Of six wild type Mdm2 doneA, all *diowcd 
market! resistance of p53 protein toward degradation (Fig. 22?, 
compare /ones 2-5 wilh lanes 2, 6\ and 7). Taken together, the 
data demonstrate that Uie abnormal stability of p53 in NB cells 
is due to a profound resistance of the p53 protein U> Mdm2* 
directed degradation and strongly suggest that the principal 
defect lies in p53 and not in Mdm2. 

To further support this con elusion, we asked whether exog- 
enous human wild type pS3, when transfected into NB cells, 
was also resistant to overcxpre&sed Mdm2, Fig. 3 shows that 
this is indeed the ease. J^iVU^A p53 (Fwip53), when *ran* 
sienUy transfected into SK-N-SH and LAN'S cells, is markedly 
resistant to co-transfected wild type Mdm2, as it is resistant to 



in the absence (— ) of presence (+) of ptu£ea£Oni0 inhibitor MO 101 (50 
mif) for 5 h were subjected to {uzAunqblot annlyTW with wi£i>p53 DO-1 
and anti-bimui A (loading control). E» seuroblnfitnua cxJli have a func* 
tiona) ubiquiUrHproteasoroe pathway. Steady state levels of IkBa in NB 
cell lirtfc* arc comparable to those iron a broad range of noa-NB tumor 
lines. Show* ia an immunoblot (1O0 ^g of lysates) with onti-tkBa and 
anti-arun as londin^ control. 
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Fici Z EuiIu^ldu. p53 iwi rsriritaiat to exogenous Mdm2 in NB cello. SdO*2 tf), LAN-5 (2?), and SK-tf-SH (Q crfla wim, IrwwiraUy 
fr^f*1^ w.Q, r >tW wild type Ndm2 (HDMZX ^udcar export nrntont Mdm2 (rmiUni nuclear export ^gnn] (mtNBSA p&S-rontact mutant 
Mdm2 <G56fc) gr empty vector (vcctX p&3 deficient SqO*2 control cella we* >U nvtrWecM witfi wild type p$3, GJFP WW w-tmnsfceted in aU 
^.^^^^mZ^T^ ? A fl f?° r ^ 5 J^]™« It^t avwFxprwB either enipty vertar, wild type Mdwtf CHDM2 doneo), or 
pS^emtoct nutnnt Md»2 (G&fiA cloaca). Lyaafc* wrr* «i^«t«l to Imjtmmobli* analysis witll ant»-Mdm2 OF2\ ant*-p53 OXM) nnti-GFP and 



Contact Jnntant Mdm2 (Fig. 3, compare lane 2 with fan* 3 and 
Together, these data show that the cellular environment of 
NB cells causes tbo loss of sensitivity of the p53 protein toward 
Mdm2- regulated turnover. 

p53 Hr distance to Mdm2-directed Degradation Is Associated 
with Covaltnt Mollification of p53 — Because the above results 
imply the p53 protein itself in mediating its degradation defect, 
we investigated whether wild type p53 protein from NB cells is 
constitutivcly subject to filtered posttranslationnl modification, 
Immnne-iBoelectric focusing is a commonly used techniqne to 
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content used in the polyacrylamidc gcU (8 u) ensures the 
elimination of protein-protein interactions on another potential 
source of charge alterations. Cell ly&ates from SK-N-SH and 
LAN-5 reveal on identical and specific shift in their p53 charge 
isoform profiles when compared with control j>53 proteins do 
rived from celluUr fMDA 231) or baailoviral sources (Pig. 4A, 
left panel)' Both NB lines chow a shift in profile toward fonr 
prominent hypcracidie isoforms with isoelectric points (pi) 
ranging from about 4.6 to 5.3 (20 ^ SH and 15 LAN-5), In 
contrast, both control p53 proteins exhibit inverted profiles (in 
relative proportions of the individual species) that am domi- 
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Fie. 3. Exogenous p53 is equally rc>?itiUmt iv exogenous Mdm2 
in ND cells, SK-N-SH (A) *nd LANS (fl) cells wcro transiently trons- 
fected with FLAG- wild type p53 fusion protein [lane* 2-4\ and cither 
empty vector, wild type Mdm2 (11DM2X w contact mutant Mdm3 
(G5#A). Lane 1 Cdotairui empty vector (red) only. C>*T was. co-trans- 
fected in all cases to natmali±e lb* i-.tj>n^i"n. I U» were rubjected 
to in>7Dunoblot analysis with uiiti.Miliii2, nnli-FI AG, «nd tmti-GFP* 



natcA by tnor* basic isoforras (3 MDA 231 and 60 ng bac 
pS3). Purified baculoviral human wild type p53 (60 fcoc p53) 
hag been shown to exhibit identical posltnmslational modifica- 
tions Lo normal cellular p53 (41). Mutant p53 from MDA 231 
cells (2 Af/JA harbors a charge-netitnd R2B0K cx- 
change with loss of Lransactivabing function, MDA 231-derived 
p53 wtus chosen U> show that p53 modification is not a conse- 
quence of abnormal stability (which in this cane is caused by 
the inability of mutant p53 to induce Mdm2). Both profiles 
consist of several lightly packed coalescing isoforms with pi* 
ranging from 6 to 6\£>, whervae the hyperaddic species go char- 
acteristic for ND cells make wp only a minor fraction. Con- 
versely, the presence of the ba#ic ?pedes in NB evils way not 
consistent and, even when present, presented only minor f mo- 
tions. Supporting thcFve data, on SDS -poly a crylamide gel elec- 
trophoresis gels, neuroblastoma tumors and NB cell lines ex- 
hibit two p53 b.mds alter immunoprrripiLa tion, which are best 
seen with the polyclonal CM-I antibody. Of these, the domi- 
nant p53 spct&cn runs slower than the faster migrating single 
p53 species present in norma] human tissues and ML-1 cells 
(Fig. AB, compare lanes 5-7 with lanes 2-4, and data not 
shown). The observed modifications arc consistent with aber- 
rant phosphorylation and/or acctylaLIon or other tes« common 
acidifying modification*. rRNA moieties, covalently bound to a 
fixnaU subset of p53 polypeptides on ribojiomejj of normal cells in 
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Tie i, rctristasco toward Mdm2-dircctcd degradation ia 
aoaodated with covalcnt mo<iifi cation of pS3. A, l*fl pmutt, onfr- 
dimenaioioal immunfc burlcdnc fonunnf (TEF) of lyfuilro from SK-N<SH 
(fifJX LAN- 5, and MDA 231 l»nui*t rarnnmnq ccJU. fttghi Inn* conkni 
hlglJy purified Ij&culcnrinU humnn wild type p53 proUin. Tbc pH gnv- 
dieut Is iiiuiokUrtl on the le/). i?J^Al porwl, idento'cal anquoto were im- 
kfiuinbljlcittfii] to vrrhy comparable loading, Both panels wero probed 
with anti.p&3 (DO-1), B, inuaunDprocpitation of p53 5qid pnaU iataa- 
tiac (tant 2\ appendix (tail 3\ colon ilane •/}, two undiffiorentiat^d 
nofuroblastOttnos (I ants 5 and 61 and IAN-5 Uone 7) with CM-1 fouowtd 
by DOl blottin£. Ixwtr 7 no tysato. C r the -421 epitope of 

degnuLata uv-r«4i$tAnt pG3 id maaked indepcodentiy of its Bubcellular 
lo cnliTtt tioa. LAN- 5 cells were tranftientry transfectcd with p63 C-tcr- 
mina] peptides 305-360 and 320^360, These peptides span tho tct- 
romerizatioB dftmiun and cause nuclear retention of endogenoui p63 
due to b^UroolifTCnncrixation and interference with hypcractivo nodcar 
export. Shown i3 the immunofluorti&c&nce of parental and transfectant 
ceUi with PAB 180J (Ufi wlumn) and 421 {right column). Both anti- 
bodies are specific for endogenous pctt. PAb 421 to a AOdiiScation- 
seneitxvo antibody that rocogniica its epitope (amino aqdt £72-342) in 
the unmodified state. Whereas PAb 1901 rccopiixcs p53 in the cyto- 
plasmic (parental) and nuclear (u-pnsfeetont) eorAparbnent cf LAN-5 
cells, PAb 421 gives no signal or only a minimal aignaL MDA 231 centra] 
cells are wcD recognized by 421 . X 400. 
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A prclreutmcnt of the NB lysatcs docs not change the isoform 
profile (data not shown). ' 

To further support the above foldings, we probed NB cella 
with the p03 monoclonal antibody rAb421, the ability of which 
to recognise its epitope (amind aridn 372-^82) 13 modi fica ti on- 
dependent (43-46). Wc had previously observed in immunoflu- 
orescence assays that the 421 epitope in NB cells with cyto- 
plasnu tally sequestered p53 is completely masked (47). We 
then asked whether this masking was dependent on cytoplas- 
mic localization. To this end, wo exploited the effect of co- 
expressed pS3 C»twrnioal polypeptides, These hetero oligomer* 
iaiing pnptides specifically cause nuclear retention of 
endogenous pf>3 in NT1 cells by disrupting hyperactive nuclear 
export, probably through a com bina tion of burying the intrin&ic 
nuclear export signal of p53 and interfering with its Mdm2- 
mediated export (33). Thin effect fa not di)e to a nonspecific 
Utratipn of CRM1 export receptors, because the localization of 
lkBa, a marker shuttling protein, is unaffected by the C-tenni' 
nal peptides (33). Transient tninsfevtipns with plasroids encod- 
ing the p53 polypeptides 305-360 and 320-360 show that the 
421 epitope remains largely unrecognizable despite nuclear 
translocation of p53 (Pig. 40, compare Ufl and right panels). 
Both FAb 1501 and I»Ab 421 anti bodies are specific for e ndog- 
enous p53- Vat, whereas the lflOl antibody gives a very strong 
signal, the 421 signal is barely detectable. This clearly shows 
that the 421 epitope of NB p53 is masked constUutively and 
independently of its subcellular localization. These data fur- 
ther support covalcnt modification of p53 that include* the 
ammo acid 372-382 region. 

In thin study we investigated the mechanism responsible for 
the abnormal Stability of wild type p53 protein, which con&U- 
tutivejy accumulates in the cytoplasm of certain tumor rclls 
jind embryonic stem cells,. Concomitantly, cytoplasmic p53 ac- 
crurunhitiun in such cells is also the hallmark of a defect in p53 
function in response to hemotoxic stress and oncogenic trans- 
formation (31, 33, 29, 21, 22). Wc recently .showed that the 
seemingly static sequestration of p53 is due tn hyperactive 
import of p$3 from the nucleus (33). Functional inactivation of 
pT>3 in response to stress is therefore promoted by an ineffi- 
ciency in nuclear retention of p53 (31, 32, 29), 

Using transient and stable overexpression assaya in neuro- 
blastoma lines, we show here that the abnormal p53 stability of 
the cytoplasmic sequestration phenotype is due to a profound 
resistance of p53 toward Mdm2 mediated degradation. More- 
over, wc find lhat degradation rcsistnnt pf>3 is associated wilh 
an attired pontronslaUonal modification profile of the protein. 
This alteration is characterized by loss of positively charged 
moieties and/or gain uf negatively charged moieties that in- 
clude the amino add 372-382 region. Tim fact that the p53 
icoform profile in NB cells is inverted rather than completely 
novel compared with p53 from other sources suggests that the 
same set of p53 inotliTying enzymes that arc usually at work are 
active in NT? cells but that their relative activities art fcroasly 
altered. Although aberrant phosphorylation is a possibility, OUT 
attempts to demonstrate it by prctrcnting imjcnunoprecipitatcd 
p53 with phosphatases have so far been unconvincing. Future 
work will focus on the precise identification of sites and types of 
modifications in NB p53. The observed 421 epitope masking, 
independent of subcellular localization, is completely consist- 
ent with momficntion of the amino acid 372-382 region or the 
surrounding area. Furthermore* it could be structurally akin to 
the effect seen with p53 delta 30 deletion, which renders the 
protein Mdm2-reBistant (20). Examples of complete 421 mask- 
ing have been described for epitope glycosylation in vivo (40), 
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(44), and partially for p30Q/CBI\mediated acetylation of Lys- 
373 and Lys-flrta in vitro (46). In contrast to NH cell*, however, 
select phosphorylation or acetylation of recombinant r>53 in 
vitro correlates with activation of p53 sequence-specific DNA 
binding (44, 46). This reinforces the notion that it is the specific 
mo dili cation profile of p53 in any given case that determines its 
effects on stability and function of the protein. 

A number of reasons support the conclusion that the cauae 
for the abnormal p53 stability in the cytoplasmic sequestration 
phenotype lies in p53 itself. First, the loss of sensitivity is not 
due to a lack of Mdm2 expression or its ability to interact with 
p53, nor is it due to a defect in p53 ubiqui tanation or global 
protca&oxne dysfunction. Moreover, endogenous Mdm2 from 
NB cells is unlikely to be functionally defective in its p53*' 
degrading activity because in that case active ectopic Mdia2 
would hnve overcome the block. Alternatively, could there bo a 
defect in the ability of Mdm2 to undergo uudeu cytoplasmic 
shuttling, which was shown to be required for p53 degradation? 
Again, this is unlikely, given the hyperactive carport of p53 that 
underlies its cytoplasmic sequestration. Also, a nuclear export 
mutant of Mdm2 (mutant nuclear carport signal) failed to fur- 
ther increase the total cellular p53 levels in NB cells (rig. 2, B 
and Q. Hie cytoplasmic accumulation of p£3 al*o makes it 
unlikely that an ubnurmality in p300/CBP > both of which are 
nuclear proteins, play a role here. The multifunctional p300 
protein was shown to promote Mdm2. mediated p53 degrada- 
tion in, viva through preformed p300-M&m2 complexes, possibly 
by enabling the um'quitin ligase activity of Mdm2 for pf»3 (10). 
In addition, wc showed that p53 ubiquiti natEnn i.s not defective 
in NB cells. 

During viral or cellular oncogene activation of the p53 path- 
way, p!4ARF promotes p53 stabilisation by inactivating Mdm2 
(see Kef. 48 fur review). As a possible mechanism, p!4AKK 
inhibits the ubiqui tin ligacc activity of Mdm2 for p53 in vitro 
(19). During th« alUnuation of a p53 response, two antiparallel 
feed back loops connect p53 with its regulators. p53 up- regu- 
lates its dcfltabiliifcer Mdm2 and down-regulates its activator 
pl4ARF (18). In theory at least, the observed NB phenotype 
could be explained by constitutive e^irr expression or hyperac- 
tivity of pl4AKF. ITowcvcr, pliAKF abnormalities in neuro- 
blastoma have not been reported. Also, if Una were the caw, 
marked ovcrexpression of Mdm2 in stable NB clones (Fig. ?£) 
should havo overcome the p53 resistance to degradation. 

InteresUnj^y, we had no difficulties in generating stable wild 
type M(1td2 over expressing neuroblastoma clones. This is in 
centrist to MCF-7 and U20S cells, which do not tolerate stable 
overexpression of wild typo Mum 2 <15), consistent with cell 
cycle arrest activities of the acidic domain of Mdm2 (49), Our 
experience suggests that this arrest ability of Mdm2 is cell 
type-dependent and that ita absence might be linked to the p53 
dysfunction present in NB cells. Cytoplaamic sequestration of 
p£3 is this hallmark of its hyperactive nuclear export and 
prompted the original observation of this phenotype (21, 22). 
Yet, theru is no a priori reason for p53 to accumulate in the 
cytoplasm, because its function might equally well be inacti- 
vated if p53 were immediately degraded after its export Tliis 
reasoning suggests a link between the two phenomena. p53 
might ho unable to lock itself efficiently into the nucleus in 
response to stress because of an aberrant modification that also 
prevents its efficient degradation by Mdm2. Interestingly, high 
levels of ectopic p53-(Fig„ 3, lanes 2\ which localized mainly to 
the nucleus, had either nil or only minimal activity in inducing 
transcriptional target*, as demonstrated by the lack of re- 
sponse of the endogenous Mdra2 gene (Fig. 3, A and B, compare 
lantt 1 and 2), Furthermore, endogenous and exogenous p53 in 
NB cells completely failed to induce apnptosis after DNA dam- 
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age. 2 These data further confirm the profound impairment of 
j»53 function in Nn cells. Taken together, the data suggest that 
hyperactive export of p53 in cells with a cytoplasmic phenotypc 
is one of two mechanisms of p53 inactivatfon. The eucond mech- 
anism is a functional block in the pftt rivaling pathway, either 
on the level of p53 or downstream. 

In summary, our results show the importance of proper 
po?ttnuiF>1ational modification of the p53 protein in enabling 
high p53 turnover in renting culls, This level of regulation is 
distinct from the known structural rrquimutnU of the Mdm2 
infraction site on the N terminus of p53 and additional C- 
terminal domains on both protein*. Interestingly, phosphoryl- 
ation of the N or C tormina a of p53 la not absolutely required 
for strejji* eiRJial-inducod stabilisation of p53 (50). Conversely, 
aberrant p53 modification is dearly able to prevent Mrim2- 
mediatcd degradation in the absence of stress signals a* phown 
heru. rksktance to other regulators of p53 stability such as 
JNK may also play a role in Nfi cell* (51). A full understanding 
nf structural and rcgulatwy requirement* of Mdm2-mcdiaW 
p63 destruction is critical, giv^n the growing oflbrU in devel- 
oping cancer agents directed at stabilizing \rild type pf>3 , 
through Mdai2 tartfetinj?, thereby activating p53 function (6, 
52). Phenotypes with cgnstilutive p5$ accumulation, be it cy- 
toplasmic or nuclear, will bu valuable systems in elucidating 
important mechanisms that regal a Le p53 turnover. 
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